handle adaptation of plant pathogen populations and maintain the durability of resistant cultivars (Kiyosawa, 1982; Wolfe, 1985; Mundt et al., 2002; Pink, 2002; McDonald & Linde, 2002) .
In several pathosystems involving virus, oomycete or nematode plant parasites, the durability of major resistance genes was experimentally shown to be dependent on the genetic background in which it was introgressed (Acosta- Leal and Xiong 2008, 2013; Palloix et al., 2009; Brun et al., 2010; Fournet et al., 2012) . In these studies, the breakdown frequency of the major resistance gene decreased when introgressed into a partially resistant cultivar, suggesting that the partially resistant genetic background was favourable to control pathogen evolution and enhance the durability of major resistance genes.
In the plant-virus system Potato virus Y (PVY)/pepper(Capsicum annuum), the protective effect of the genetic background on the breakdown frequency of the pvr2 3 gene, causing resistance to this virus, was mostly due to the additional level of quantitative resistance reducing the viral accumulation (Quenouille et al., 2012) . The breakdown frequency of the major gene was shown to be highly heritable (i.e. it was mainly under genetic control) and affected by four QTLs (Quenouille et al., 2014) . These results, obtained on a narrow plant genetic basis, i.e. in a progeny between two Capsicum annuum lines, opened new ways for sustainable resistance breeding, but little is known on the availability of such QTLs and the frequency of favorable backgrounds in the plant genetic resources.
In this context, the aim of our study was to estimate the availability and diversity of genetic backgrounds increasing the durability of the pvr2-mediated resistance on a broader genetic scale in pepper resources and to confirm (or not) the relationship with factors affecting quantitative resistance. Our strategy was to select a core-collection of pepper landraces from This article is protected by copyright. All rights reserved.
different origins but carrying two closely related pvr2 alleles and to measure the resistance breakdown frequencies in these pepper accessions on the one hand, and the level of quantitative resistance controlled by their genetics backgrounds on the other hand.
Selection of the core-collection. .7% of the 862 tested accessions were found to be resistant (Sage-Palloix et al., 2007) . A subset of 107 resistant accessions was chosen while maximizing the diversity of their geographic origins, and were sequenced for the pvr2 resistance allele. Twenty-one accessions carried the pvr2 3 allele, which was the most frequent allele, and five carried the pvr2 4 allele (Charron et al., 2008 and personal communication) . The sequence of the eIF4E protein (eukaryotic initiation factor 4E) encoded by these two pvr2 alleles differs only by one aminoacid substitution at position 205 (a glycine for pvr2 3 and an aspartic acid for pvr2 4 ). They displayed the same resistance specificity towards seven different PVY variants and were easily broken down compared to other pvr2 alleles (Ayme et al., 2007; Charron et al., 2008; Moury et al., 2014) . To further test the durability of the pvr2 alleles in these different genetic backgrounds, we selected the accessions which were homozygous for pvr2 3 (16 accessions) or This article is protected by copyright. All rights reserved.
whole collection attested for their high diversity and poor genetic structuration (Fig. 1 resistance was not, or rarely broken down (RB frequency 5%) and for the two accessions PI369940 and G4, the pvr2 3/4 resistance was frequently broken down (40% and 52.5%, respectively). For PI369940 and G4, all infected plants were checked for the presence of RB This article is protected by copyright. All rights reserved. suggesting that the differences observed between accessions more probably result from the effect of the plant genetic background. The low RB frequencies observed in 18 landraces indicated that genetic backgrounds favorable to the durability of pvr2-mediated resistances are frequent among the genetic resources of pepper.
Differential selection pressure exerted by the plant genetic background
In a previous study (Montarry et al. 2011) , 67% of the pvr2 3 RB events in DH285 were associated to the selection of the aspartic acid to asparagine codon substitution at position 119 of the VPg cistron of PVY (named VPg-N mutation). In our test, we checked the presence of the VPg-N mutation in 25 infected DH285 plants by dCAPS analyses as described in Montarry et al. (2011) . Results showed that 64% of RB events of DH285 plants were associated to the presence of the VPg-N mutation (table 2) This article is protected by copyright. All rights reserved.
55% (17/31) and 29% (7/24) respectively (dCAPS analyses showed the absence of the VPg-N mutation in the five PVY populations from G4 or PI369940 plants for which the full sequence of the VPg cistron was not determined, Suppl. data 1). As a whole, this revealed a significant difference between PI369940 and DH285 (p=0.020, Fisher exact test) but not between PI369940 and G4 (p=0.10) or G4 and DH285 (p=0.41) for the proportion of RB events associated with selection of the VPg-N mutation. This variation cannot be associated to the effect of the pvr2 allele, since both PI369940 and DH285 carry pvr2 3 (and differ in the selection of VPg-N mutation), whereas G4 (pvr2 4 ) and DH285 ( This article is protected by copyright. All rights reserved.
VA (<1.1) and a low RB frequency (5%) ( lead to an increase in the probability of appearance of virus mutants and, hence, of mutant emergence. Our study broadens the results obtained by Quenouille et al. (2014) , extending the relationship between the level of viral accumulation and the frequency of breakdown of pvr2-mediated resistance previously observed in a pepper progeny to a pepper core collection with diversified genetic backgrounds.
Association between a locus in the pepper genome and pvr2 3/4 RB frequency
In the doubled haploid progeny issued from the F 1 hybrid between the two pepper inbred lines Yolo Wonder and Perennial, we showed that the pvr6 gene encoding eIFiso4E, an isoform of the eIF4E encoded by the pvr2 gene, co-located tightly with a major QTL (R²=0.40) affecting the pvr2 3 RB frequency and a major QTL (R²=0.35) affecting viral accumulation (Quenouille et al., 2014) . For these two QTLs located at the pvr6 locus, the Perennial alleles strongly increased the frequency of the pvr2 3 RB and VA. However, this effect was shown to be compensated by additional QTL-alleles from the Perennial genetic Table 2 . Among the 20 pepper accessions, three carried the same KO pvr6 allele: Perennial, PI369940 and G4. Interestingly, the two accessions PI369940 and G4 which showed a significantly higher RB frequency of pvr2 3/4 and the two highest VA values carried the KO pvr6 allele. On the opposite, all plants carrying the pvr6 + allele encoding a functional eIF(iso)4E protein displayed a low to very low RB frequency and a varying but lower VA. The pvr6 allele is also present in the Perennial accession, which showed a very low RB frequency and this could invalidate the causal relationship between pvr6 alleles and both RB frequency and VA. However, Quenouille et al. (2014) showed that in Perennial the effect of the QTL allele at the pvr6 locus was compensated by three other
QTLs that decreased the pvr2 3 RB frequency and virus accumulation. Taken together, these results show that the pvr6 gene is a good candidate to explain the observed variation of pvr2 RB frequency and VA. The high frequency of pvr2 3/4 RB observed in G4 and PI369940 could be interpreted as an effect of the pvr6 KO allele which increased both VA and RB frequencies, without compensation effects from other QTLs in the genetic background as observed in Perennial. This simultaneous increase of VA and RB may result from a higher This article is protected by copyright. All rights reserved.
expression of the eIF4E encoded by pvr2 3/4 due to the absence of the eIFiso4E isoform encoded by pvr6, as shown in Arabidopsis thaliana (Duprat et al., 2002) . Indeed, this higher eIF4E expression could increase its availability for PVY replication and/or translation, maybe by reducing competition effects between PVY VPg and the cap of plant mRNAs (Michon et al., 2006) . In turn, higher virus multiplication would lead to higher VA in case of a RB PVY mutant, and higher probability to generate RB mutants in case of a wild-type PVY. However, such hypothetical mechanism still has to be demonstrated and functional validation of the involvement of pvr6 in RB and VA will help in this exploration. The compensatory effect by additional resistance QTLs from Perennial were shown to act at several levels (Quenouille et al. 2012) : they were shown to directly reduce virus accumulation, but also to increase the number of viral mutations required for RB. Endly, they slowed down the selection and fixation of RB-mutations in the PVY population.
Conclusion
This study provides the first evaluation of the availability, in plant genetic resources, of genetic backgrounds affecting the durability of major resistance genes. Among a corecollection of 20 pepper accessions, we observed a high diversity of quantitative resistance and of tolerance levels conferred by the genetic background. In term of durability of the pvr2 3 and pvr2 4 major resistance alleles, the pepper accessions were divided into two groups, either with no or rare breakdown or with frequent breakdown, the latter group including only two pepper This article is protected by copyright. All rights reserved.
resistant cultivar (Palloix et al., 2009; Brun et al., 2010; Fournet et al., 2012) resistance breakdown events associated to the selection of the aspartic acid to asparagine substitution at codon position 119 of PVY VPg cistron (VPg-N mutation). This article is protected by copyright. All rights reserved. 
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